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(57) ABSTRACT

The present disclosure relates to a method and a device for
detecting a straight line. The method includes: acquiring a
Histogram of Oriented Gradients (HOG) feature set for each
respective pixel point in an image, wherein the HOG feature
set is configured to reflect straight line characteristics of a
localized portion where the pixel point locates; determining
at least one candidate direction of a straight line to be
detected according to the HOG feature sets of the respective
pixel points; and detecting a direction and a position of the
straight line precisely according to the candidate direction.
The present disclosure efficiently avoids the errors caused by
binarization, and increases the accuracy of the detection of
straight line.
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At least one candidate direction of a straight line to be /
detected is determined according to the HOG feature sets
of the respective pixel points

204

For each of the candidate directions, at least one
scanning line parallel to the candidate direction is
generated
¢ 205
A matching distance of each scanning line is calculated
respectively

\

206
The scanning line having a minimum matching distance /

is selected as a candidate straight line
v 207

Direction and position of the straight line to be detected
are determined according to the candidate straight line

v

For any straight line to be detected, whether a second
straight line to be detected that meets a first
predetermined condition in the image exists is detected

v

If a detection result is that the second straight line to be
detected that meets the predetermined condition exists,
the second straight line to be detected is added to a
candidate straight line set

208

For any two of the second straight lines to be detected in /
the candidate straight line set, whether a third straight
line to be detected that meets a second predetermined

condition exists is detected

v

If the third straight line to be detected that meets the
second predetermined condition exists, a quadrilateral /
composed of the straight line to be detected, the two
second straight lines to be detected and the third straight
line to be detected is added to a candidate rectangle set

v

2
For each quadrilateral in the candidate rectangle set, a /
matching distance of the quadrilateral is calculated

v

A quadrilateral having a minimum matching distance or /2
a matching distance smaller than a matching threshold
value is determined as a rectangle to be detected

Fig. 2A
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METHOD AND DEVICE FOR DETECTING
STRAIGHT LINE

CROSS REFERENCE TO RELATED
APPLICATION

This application is a Continuation of International Appli-
cation No. PCT/CN2014/084460, filed on Aug. 15, 2014,
which is based upon and claims priority to Chinese Patent
Application No. 201410063121.0, filed on Feb. 22, 2014,
the entire contents of which are incorporated herein by
reference.

TECHNICAL FIELD

The present disclosure generally relates to the field of
image processing, and more particularly, to a method and a
device for detecting a straight line.

BACKGROUND

The detection of straight lines and geometrical shapes is
an important subject in the field of image processing. In a
real scene of an image, given that there are a large number
of straight lines and geometrical shapes, it will be of great
importance in image processing to realize methods for
quickly and accurately detecting the straight lines and the
geometrical shapes.

Generally, the method for detecting the geometrical
shapes is derived from the method for detecting the straight
lines. In the related art, the method of Hough transform is
usually used for detecting the straight lines. The Hough
transform defines a parameter space, which has a dual
relationship with an image, such that one straight line in the
image corresponds to one point in the parameter space, and
one point in the image corresponds to one sine wave in the
parameter space. From the above corresponding relation-
ship, it is known that several collinear points on one straight
line in the image correspond to several sine waves, which
intersect at the same point in the parameter space. Based on
this, a problem of detecting a straight line having maximum
collinear points in the image is changed into a problem of
detecting a peak point at which the most number of sine
waves intersect at one point in the parameter space, and the
straight line corresponding to the peak point is the straight
line to be detected in the image.

In the above method for detecting the straight lines based
on the Hough transform, given that several collinear points
need to be sampled in the image, therefore the image needs
to be binarized at first, namely, a binary image composed of
black pixel points and white pixel points is obtained, and
then several collinear points are sampled in the binary
image. However, binarization of the image is sensitive to
parameters, and it is only applicable for detecting a straight
line, which has strong edge strength, i.e. the straight line
having a gray value, which obviously differs from gray
values of other regions in the image. Moreover, when the
edge strength of the straight line is weak or there are noise
interferences, then the straight line will be broken, and
accuracy of the detection results will be significantly influ-
enced.

SUMMARY

Accordingly, embodiments of the present disclosure pro-
vide a method and a device for detecting a straight line. The
technical solutions are as follows.
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According to a first aspect of the embodiments of the
present disclosure, there is provided a method for detecting
a straight line, including: acquiring a Histogram of Oriented
Gradients (HOG) feature set for each respective pixel point
in an image, wherein the HOG feature set is configured to
reflect straight line characteristics of a localized portion
where the pixel point locates; determining at least one
candidate direction of a straight line to be detected according
to the HOG feature sets of the respective pixel points; and
detecting a direction and a position of the straight line
precisely according to the candidate direction.

According to a second aspect of the embodiments of the
present disclosure, there is provided a device for detecting a
straight line, including: a processor; and a memory for
storing instructions executable by the processor, for per-
forming: acquiring a Histogram of Oriented Gradients
(HOG) feature set for each respective pixel point in an
image, wherein the HOG feature set is configured to reflect
straight line characteristics of a localized portion where the
pixel point locates; determining at least one candidate direc-
tion of a straight line to be detected according to the HOG
feature sets of the respective pixel points; and detecting a
direction and a position of the straight line precisely accord-
ing to the candidate direction.

According to a third aspect of the embodiments of the
present disclosure, there is provided a non-transitory read-
able storage medium comprising instructions, executable by
a processor in a device, for performing a method for
detecting a straight line, wherein the method comprises:
acquiring a Histogram of Oriented Gradients (HOG) feature
set for each respective pixel point in an image, wherein the
HOG feature set is configured to reflect straight line char-
acteristics of a localized portion where the pixel point
locates; determining at least one candidate direction of a
straight line to be detected according to the HOG feature sets
of the respective pixel points; and detecting a direction and
a position of the straight line precisely according to the
candidate direction.

In conclusion, the problem in the related art that the
method for detecting the straight line may cause the straight
line to be broken and the detection result to be inaccurate
when the edge strength is weak or when there are noise
interferences is solved, by acquiring the HOG feature set of
each respective pixel point in the image, determining the at
least one candidate direction of the straight line to be
detected according to the HOG feature sets of the respective
pixel points, and then determining the direction and precise
position of the straight line to be detected according to the
candidate direction, wherein the HOG feature set is config-
ured to reflect the straight line characteristics of the localized
portion where the pixel point locates. Compared with the
related method for detecting a straight line in the Back-
ground, the method for detecting the straight line provided
by the present embodiment neither uses Hough Transform
nor binarizes the image, thus avoids the errors caused by
binarization, and increases the accuracy of the detection of
straight line.

It is to be understood that both the foregoing general
description and the following detailed description are exem-
plary only and are not restrictive of the present disclosure.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings herein, which are incorpo-
rated in and constitute a part of this specification, illustrate
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embodiments consistent with the invention and, together
with the description, serve to explain the principles of the
invention.

In order to clearly explain the embodiments of the present
disclosure, hereinafter, the introduction to the drawings
required to be used in the depiction of the embodiments will
be given simply. It is apparent that the accompanying
drawings only illustrate some of the embodiments of the
present disclosure, and the person skilled in the art could
obtain other drawings based on these drawings without
inventive labor.

FIG. 1 is a flow chart illustrating a method for detecting
a straight line, according to an exemplary embodiment;

FIG. 2A is a flow chart illustrating a method for detecting
a straight line, according to another exemplary embodiment;

FIG. 2B is a schematic view illustrating a feature calcu-
lating process of a method for detecting a straight line,
according to another exemplary embodiment;

FIG. 2C is a schematic view illustrating a direct selection
process of a method for detecting a straight line, according
to another exemplary embodiment;

FIG. 3 is a diagram illustrating an apparatus for detecting
a straight line, according to an exemplary embodiment;

FIG. 4 is a diagram illustrating an apparatus for detecting
a straight line, according to another exemplary embodiment;
and

FIG. 5 is a block diagram illustrating a device for detect-
ing a straight line, according to an exemplary embodiment.

Specific embodiments in this disclosure have been shown
by way of the foregoing drawings and are hereinafter
described in detail. The figures and written description are
not intended to limit the scope of the inventive concepts in
any manner. Rather, they are provided to illustrate the
inventive concepts to a person skilled in the art with refer-
ence to particular embodiments.

DETAILED DESCRIPTION

In order to make the purposes, technical solutions and
advantages of the present disclosure more apparent, the
present disclosure will be further described in detail with
reference to the accompanying drawings. Obviously, the
described embodiments are only a part of the embodiments
of the present disclosure, not all the embodiments of the
present disclosure. All the other embodiments acquired by
those skilled in the art without inventive labor based on the
embodiments of the present application fall into the protec-
tion scope of the present disclosure.

Firstly, it is to be explained that a device, such as an
electronic device involved in the present disclosure may be
a cell phone, a tablet PC, an e-book reader, a MP3 (Moving
Picture Experts Group Audio Layer III) player, a MP4
(Moving Picture Experts Group Audio Layer IV) player, a
portable laptop computer, a desktop computer and the like.
Meanwhile, the electronic device includes an image collect-
ing component such as a camera.

FIG. 1 is a flow chart illustrating a method for detecting
a straight line, according to an exemplary embodiment. The
present embodiment illustrates the method for detecting the
straight line as to be performed by the electronic device. The
method for detecting the straight line may include the
following steps.

In step 102, a Histogram of Oriented Gradients (HOG)
feature set of each respective pixel point in an image is
acquired, wherein the HOG feature set is configured to
reflect straight line characteristics of a localized portion
where the pixel point locates.
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In step 104, at least one candidate direction of a straight
line to be detected is determined according to the HOG
feature sets of the respective pixel points.

In step 106, a direction and a position of the straight line
to be detected are detected precisely according to the can-
didate direction.

In conclusion, the method for detecting the straight line
provided by the present embodiment includes acquiring the
HOG feature set of each respective pixel point in the image,
determining the at least one candidate direction of the
straight line to be detected according to the HOG feature sets
of the respective pixel points, and then determining the
direction and precise position of the straight line to be
detected according to the candidate direction, wherein the
HOG feature set is configured to reflect the straight line
characteristics of the localized portion where the pixel point
locates. The problem in the related art that the method for
detecting the straight line may cause the straight line to be
broken and the detection result to be inaccurate when the
edge strength is weak or when there are noise interferences
is solved. Compared with the related method for detecting a
straight line in the Background, the method for detecting the
straight line provided by the present embodiment neither
uses Hough Transform nor binarizes the image, thus avoids
the errors caused by binarization, and increases the accuracy
of the detection of straight line.

FIG. 2A is a flow chart illustrating a method for detecting
a straight line, according to another exemplary embodiment.
As illustrated in FIG. 2A, the method for detecting the
straight line may include the following steps.

In step 201, a grayscale image of an image is generated.

Before the straight line is detected, the electronic device
grayscales a collected image at first to generate a grayscale
image of the image. The grayscale is classified into 256
levels, a gray value of any pixel point (i, j) is I(i, j) €[0, 255].

In step 202, a HOG feature set of respective pixel points
in the image is acquired.

The electronic device acquires a HOG feature set of each
respective pixel point in the image, wherein the HOG feature
set is configured to reflect straight line characteristics of a
localized portion where the pixel point locates.

This step may include the following two sub-steps.

Firstly, for each pixel point (i, j) of the respective pixel
points, an oriented gradient set g(i, j) of the pixel point is
calculated.

For each pixel point (i, j) of the respective pixel points, the
electronic device calculates an oriented gradient set g(i, j) of
the pixel point. The oriented gradient set of one pixel point
includes oriented gradient values of the pixel point in K
directions, and an oriented gradient value of the pixel point
in any direction refers to an absolute value of a difference
between a gray value of the pixel point and a gray value of
an adjacent pixel point in the direction, wherein K=2. A
value of K is preset according to actual requirements, the
greater the value of K is, the more precise the result of the
detection of the straight line is. In order to reduce an amount
of calculation, the value of K is 4 or 8 in a normal
circumstance.

Referring to FIG. 2B, suppose there is an image 1, a size
of the image 1 is M*N (M and N respectively represent a
number of pixel points in a horizontal direction and a
vertical direction of the image I), wherein M=1, Nz1. For
any pixel point (i, j) in the image I, i € [0, M], j € [0, N], and
an oriented gradient set corresponding to the pixel point is
g @ J).

Meanwhile, it is assumed that K=4, the 4 directions are
respectively directions at angles of 0°, 45°, 90° and 135° to
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the horizontal direction, and oriented gradient values of the
pixel point (i, j) in the 4 directions are respectively recorded

as go (i, 1), 845 (i, 1); 8oo (1, j) and g, 35 (i, j). Then:

8U1)={g0():845(:1)8o001)€135(1/) }» wherein
8oty = UE+1.)-1G));
8as(@)=IG-1j-1)-IG-))};
8oo)=U(Ej-1)-1G));

8135(8/)=E+1,7-1)-I(());

11, j) represents the gray value of the pixel point (i, j), I(i,
j) €[0, 255].

In practical applications, boundary pixel points in the
image may not be taken into consideration, wherein the
boundary pixel points refer to pixel points at four edges of
the periphery of the image, for example, the pixel points
contained in the region outside a black frame 21 in FIG. 2B.

Secondly, a HOG feature set h(i, j) of the pixel point is
calculated according to the oriented gradient set g(i, j) of the
pixel point.

The electronic device calculates the HOG feature set h(i,
j) of the pixel point according to the oriented gradient set g(i,
j) of the pixel point.

Firstly, it is to be understood that if there is one straight
line existing in the image, the gray values of the respective
pixel points in a direction of the straight line change slowly
or do not change, but the gray values of the respective pixel
points suddenly change in a direction perpendicular to the
direction of the straight line. By using this characteristics,
after the oriented gradient set g (i, j) of the pixel points is
obtained, the HOG feature set h(i, j) of the pixel point is
calculated.

The HOG feature set h(i, j) of the pixel pint reflects
straight line characteristics of a localized portion where the
pixel point locates, and the straight line characteristics
include whether a straight line to be detected exists and a
first kind or all of the two kinds of approximate directions of
the straight line to be detected within the localized portion
where the pixel point locates. The approximate direction of
the straight line to be detected refers to the direction that the
straight line to be detected approaches. For example, if the
direction that the straight line to be detected approaches is in
a neighborhood range of 45°, the approximate direction of
the straight line to be detected is 45°.

The above-described second sub-step may further include
the following several sub-steps.

(1) Local gradient values h,(i,j) of the pixel point in the K
directions are respectively calculated.

The electronic device respectively calculates the local
gradient values h;(1j) of the pixel point in the K directions,
and k represents a direction. A local gradient value h,(1,]) of
the pixel point (i, j) in k direction is equal to a sum of
oriented gradient values of all pixel points in the k direction
within the localized portion where the pixel point locates. In
the present embodiment,

Jzk(ixjjzxi’:i—RHREj ':ijﬂng(i ') ke{0,45,90,135}.

In this case, R is an average radius, and a value of R is
preset according to actual requirements, for example, R=4.
Referring to FIG. 2B, the value of R also decides a range of
the localized portion 22 where the pixel point (i, j) locates,
and a number of pixel points contained in the localized
portion 22 where the pixel point (i, j) locates is equal to
(2R+1)*(2R+1). For example, when R=4, the range of the
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localized portion 22 where the pixel point (i, j) locates is a
region composed of 9%9=81 pixel points centering around
the pixel point (i, j).

(2) An average gradient value h,, .,
is calculated.

The electronic device calculates the average gradient
value h,,_,,, (i, j) of the pixel point. The average gradient
value h,,,,.., (1, j) is equal to the square root of the sum of the
squares (SRSS) of the respective local gradient values h,(i,))
of the pixel point. In the present embodiment,

(i, j) of the pixel point

Prorm(ti] ):\/215{0,45,90,135 }7710:] .

The local gradient value hy(i,j) is divided by the average
gradient value h,_,,,(i, j) to obtain a HOG feature h,(i, j) of
the pixel point in the k direction.

The electronic device divides the local gradient value
h,(1,)) by the average gradient value b (i, j) to obtain the

HOG feature h,(i, j) of the pixel point in the k direction. In
the present embodiment,

)TV Py o) 4€{0,45,90,135 .

(4) A set of HOG features in the K directions is deter-
mined as the HOG feature set h(i, j) of the pixel point.

The electronic device determines the set of HOG features
in the K directions as the HOG feature set h(i, j) of the pixel
point. The HOG feature set of the pixel point (i, j) is h(i, j),
and the HOG feature set h(, j) includes HOG features of the
pixel point (i, j) in the K directions. In the present embodi-
ment,

R ho) Fas@h)Hooi) F13s)}-

As can be seen, the greater the value of h,(i, j) is, the more
obvious, as indicated, the changes of gray values of the
respective pixel points in the k direction are, and sudden
changes in the gray values are very likely to exist. Based on
this, it can be speculated that a direction perpendicular to the
k direction is the approximate direction of the straight line
to be detected.

It is to be explained that, in order to reduce interferences
of factors such as noises or light illumination and also the
amount of calculation, after the average gradient value h,,,.,
(i, j) of the pixel point is calculated, whether the average
gradient value h,,,, (i, j) is smaller than a predetermined
average value T, ,,, may also be detected. If a detection
result is that the average gradient value h,_,,, (i, j) is smaller
than the predetermined average value T,,,,,,, the respective
HOG features in the HOG feature set h(i, j) of the pixel point
are set to be zero. Because the predetermined average value
T,0,m reflects an overall gradient state of the localized
portion where the pixel point locates in various directions,
and when the average gradient value h,,,,,, (i, j) is rather
small, it means that the edge strength within the localized
portion is weak, the change of the gray values between
adjacent pixel points may be caused by the factors such as
noises or light illumination, rather than by an existed straight
line to be detected within the localized portion. Accordingly,
when the average gradient value h,,,,, (i, j) is smaller than
the predetermined average value T,,,,,, the respective HOG
features in the HOG feature set h(i, j) of the pixel point are
set to be zero.

In step 203, at least one candidate direction of the straight
line to be detected is determined according to the HOG
feature sets of the respective pixel points.

The electronic device determines at least one candidate
direction of the straight line to be detected according to the
HOG feature sets of the respective pixel points.
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This step may include the following several sub-steps.

Firstly, for each respective pixel point, a direction corre-
sponding to a HOG feature having a maximum value in the
HOG feature set is selected as a main direction of the
localized portion where the pixel point locates.

In step 202, it has been introduced that the greater the
value of h(i, j) is, the more obvious, as indicated, the
changes of the gray values of the respective pixel points in
the k direction are, and sudden changes in the gray values
may be very likely. Based on this, it can be speculated that
the direction perpendicular to the k direction is the approxi-
mate direction of the straight line to be detected.

Thus, the electronic device selects the direction corre-
sponding to the HOG feature having the maximum value in
the HOG feature set h(i, j) as the main direction of the
localized portion where the pixel point locates, and the main
direction is proximately perpendicular to the direction of the
straight line in the localized portion.

Secondly, statistics of vote numbers of the main directions
of the localized portions where the respective pixel points
locate in the K directions are analyzed.

After determining the main direction of the localized
portion where each pixel point in the image locates, the
electronic device analyzes statistics of the vote number of
the main directions of the localized portions where the
respective pixel points locate in the K directions for the
whole graph.

For example, the statistical result may include the fol-
lowings: the number of pixel point whose main directions of
the localized portion are 0° is “a”, the number of pixel point
whose main directions of the localized portion are 45° is “b”,
the number of pixel point whose main directions of the
localized portion are 90° is “c”, the number of pixel point
whose main directions of the localized portion are 135° is
“d”. Herein a, b, ¢ and d respectively represent vote numbers
in four directions after statistics of the integral graph is
analyzed, and it is assumed that b>a>c>d.

Thirdly, a direction perpendicular to a direction having a
vote number that exceeds a vote threshold is selected as the
candidate directions of the straight line to be detected.

After analyzing statistics of vote numbers of the main
directions of the localized portions where the respective
pixel points locate in the K directions, the electronic device
detects whether the vote numbers in various directions are
greater than the vote threshold. In practical applications, a
value of the vote threshold may be set by an overall
consideration of factors such as a size of the image, data
processing capability of the electronic device and require-
ments for detection precision of the straight line.

Thereinafter, the electronic device selects at least one
direction having the vote number that exceeds the vote
threshold, and uses a direction perpendicular to the selected
direction as the candidate direction of the straight line to be
detected. Since the direction having the vote number that
exceeds the vote threshold reflects a main direction of one of
the respective localized portions in the image, and the main
directions of the respective localized portions are proxi-
mately perpendicular to the straight line in the image, thus
it is required to select the direction perpendicular to the
direction having the vote number that exceeds the vote
threshold as the candidate direction of the straight line to be
detected.

After this step, in normal circumstances, one and/or two
directions may be selected from the K directions as the
candidate directions of the straight line to be detected. In the
following steps, the electronic device finally determines the
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direction and the position of the straight line to be detected
by calculating and analyzing in a coarse-scale and a fine-
scale.

In the present embodiment, it is assumed that b>the vote
threshold>a>c>d, and the main direction corresponding to
the vote number b is 45°, so the direction of 135° is selected
as the candidate direction of the straight line to be detected.

In step 204, for each of the candidate directions, at least
one scan line paralleled to the candidate direction is gener-
ated.

For each of the candidate directions, the electronic device
generates at least one scan line paralleled to the candidate
direction. Referring to FIG. 2C, a straight line L in an image
having a size of M*N is shown in FIG. 2C. After step 201
through step 203, it can be determined that the candidate
direction of the straight line to be detected is 135°. Scan
lines 26 in the direction of 135° are full of the entire image,
a distance between adjacent scan lines 26 may be set by an
overall consideration of factors such as the size of the image,
the data processing probability of the electronic device and
the requirements for detection precision of the straight line.

In step 205, a matching distance of each scan line is
respectively calculated.

The electronic device respectively calculates the match-
ing distance of each scan line, and the matching distance of
the scan line is configured to reflect a degree of proximity of
the scan line to the straight line to be detected. For example,
this step includes the following several sub-steps.

Firstly, for each scan line, n sample points are acquired by
sampling on the scan line, and n=1.

For each scan line, the electronic device acquires n sample
points by sampling on the scan line, and n=1. Alternatively,
the electronic device acquires n sample points by evenly
sampling each scan line. Referring to FIG. 2C, in the present
embodiment, it is assumed that the electronic device
acquires 10 sample points 27 by evenly sampling each scan
line.

Secondly, a matching distance between a HOG feature set
for each of the respective sample points and a template HOG
feature set in a direction perpendicular to the candidate
direction is calculated.

The electronic device calculates the matching distance
between a HOG feature set for each of the respective sample
points and the template HOG feature set in a direction
perpendicular to the candidate direction. In the above-
described step 202, the electronic device has acquired the
HOG feature set of the respective pixel points in the image.
At this time, the electronic device looks up and acquires the
HOG feature set of the respective sample points from the
HOG feature set of the respective pixel points according to
the coordinates of the respective sample points.

The template HOG feature set is Template,, s € {0, 45, 90,
135}. In an exemplary implementation,

Template,={1, 0, 0, 0};

Template,s={0, 1, 0, 0};

Template,,={0, 0, 1, 0};

Template, 55={0, 0, 0, 1}.

In addition, in the present embodiment, it is assumed that
the acquired n sample points are respectively (Xq, ¥0), (X,
V) o ooy Xy Vi) -+ o s (Xyys Vy,op)- Then, the matching
distance between the HOG feature set of the sample point
(X,, y;) and the template HOG feature set in the direction
perpendicular to the candidate direction is dist[h(x,, y,),
Template, ]=dist[h(x,, y,), Template,s]=lh,(X;, y,)-0+Ih,s(x,,
Yo=1l+lheo(X;, ¥,)=0l+1h55(x,, y,)-0I.

Thirdly, matching distances of the n sample points are
summed to obtain the matching distance of the scan line.
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The electronic device sums the matching distances of the
n sample points to obtain the matching distance of the scan
line. The matching distance of the scan line is dist(scan
line)=%, "~ 'dist(h(x;, y,), Template ).

In step 206, the scan line having a minimum matching
distance is selected as a candidate straight line.

After calculating the matching distances of the respective
scan lines, the electronic device selects the scan line having
the minimum matching distance as the candidate straight
line. Referring to FIG. 2C, in the present embodiment, it is
assumed that the scan line that passes through two points O
and P is the scan line having the minimum matching
distance, i.e. the scan line that passes through the two points
O and P is selected as the candidate straight line.

Referring to FIG. 2C, it can be seen that after the
candidate straight line is determined, a proximate position of
the straight line L to be detected in the image can be roughly
determined. Then, the direction and the position of the
straight line L. to be detected in the image are finally
determined by calculating and analyzing in fine scale in the
following step 207.

In step 207, the direction and position of the straight line
to be detected are determined according to the candidate
straight line.

The electronic device determines the direction and posi-
tion of the straight line to be detected according to the
candidate straight line.

This step may include the following several sub-steps.

Firstly, using the candidate straight line as a central axis,
a rectangular region having a predetermined size is gener-
ated.

The electronic device generates the rectangular region
having the predetermined size by using the candidate
straight line as the central axis. Referring to FIG. 2C, two
points O and P may be selected on the candidate straight
line, the length of the line segment OP is the length of the
rectangular region. In practical applications, the length of
the line segment OP should be selected as long as possible.
Thereafter, vertical line segments AB and CD that respec-
tively pass through the two points O and P of the candidate
straight line are made, wherein the point O is a midpoint of
the line segment AB and the point P is a midpoint of the line
segment CD. Lengths of the line segments AB and CD are
widths of the rectangle region. In practical applications, the
lengths of the line segments AB and CD may be selected to
be twice as the distance between the adjacent scan lines.

Secondly, on two sides of the rectangular region perpen-
dicular to the candidate straight line, u points and v points
are respectively selected, and every two points on the two
sides are connected to obtain u*v line segments, wherein
uzl, v=1.

In normal circumstances, u and v may be selected to be
equal values, for example, u=v=38. At this time, 8*8=64 line
segments may be obtained by connecting every two points
on the two sides.

Thirdly, a matching distance of each line segment among
the u*v line segments is respectively calculated.

The electronic device respectively calculates the match-
ing distance of each line segment among the u*v line
segments. The matching distance of the line segment is
configured to reflect a degree of proximity of the line
segment to the straight line to be detected. The smaller the
matching distance of the line segment is, the more, as
indicated, the line segment approaches the straight line to be
detected; on the contrary, the greater the matching distance
of the line segment is, the more, as indicated, the line
segment offsets from the straight line to be detected.
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Similar to the calculation of the matching distance of the
scan line, for each line segment among the u*v line seg-
ments, several sample points are acquired by sampling on
the line segment, a matching distance between a HOG
feature set for each of the respective sample points and a
template HOG feature set of the line segment in an actual
direction is calculated, and matching distances of the n
sample points are summed to obtain the matching distance
of'the line segment. The template HOG feature set of the line
segment in the actual direction may allocate sizes of respec-
tive HOG features in the template HOG feature set accord-
ing to projection distances of the line segment in K direc-
tions by adding weights.

Fourthly, a straight line with a line segment having a
minimum matching distance is selected as the straight line to
be detected.

After calculating the matching distances of the respective
line segments, the electronic device selects the straight line
with the line segment having the minimum matching dis-
tance as the straight line to be detected.

Furthermore, if it is allowable within the calculating and
processing probability of the electronic device, the elec-
tronic device may select greater values of u and v, so as to
determine the direction and the position of the straight line
to be detected more precisely.

In the above-described step 201 through step 207, the
detection of the straight line in the image is introduced in
detail. Compared to the related method for detecting a
straight line in the Background, the method for detecting the
straight line provided by the present embodiment neither
uses Hough Transform nor binarizes the image, thus avoids
the errors caused by binarization, and increases the accuracy
of the detection of straight line. Hereinafter, how to detect
the rectangle in the image on the basis of the method for
detecting the straight line provided by the present embodi-
ment will be introduced in detail.

In step 208, for any straight line to be detected, whether
a second straight line to be detected that meets a first
predetermined condition exists in the image is detected.

For any straight line to be detected, the electronic device
detects whether the second straight line to be detected that
meets the first predetermined condition exists in the image.
The method used by the electronic device to detect and
acquire the second straight line to be detected from the
image may refer to the method for detecting the straight line
involved in the step 201 to the step 207. After the second
straight line to be detected is detected and acquired, whether
each of the second straight lines to be detected meets the first
predetermined condition is continued to be detected. The
first predetermined condition includes that the second
straight line to be detected and the straight line to be detected
have an intersection point within the image and an angle
smaller than an angle threshold value.

An angle between two straight lines may be calculated
using the following formula: angle 0=larctan(a,,)-arctan
(az,)l, wherein a,, and a,, are respectively slopes of a
straight line [.1 and a straight line [.2. The angle threshold
value may be coarsely set, which is for example, 3 radians.

In step 209, if the second straight line to be detected that
meets the first predetermined condition exists, the second
straight line to be detected is added to a candidate straight
line set.

If a detection result is that the second straight line to be
detected that meets the first predetermined condition exists,
the electronic device adds the second straight line to be
detected to the candidate straight line set of the straight line
to be detected. The candidate straight line set of the straight
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line to be detected includes all of the second straight lines to
be detected that meet the first predetermined condition.

In step 210, for any two of the second straight lines to be
detected in the candidate straight line set, whether a third
straight line to be detected that meets a second predeter-
mined condition exists is detected.

For any two of the second straight lines to be detected in
the candidate straight line set, the electronic device detects
whether the third straight line to be detected that meets the
second predetermined condition exists. The second prede-
termined condition includes that the third straight line to be
detected is different from the straight line to be detected, and
the third straight line to be detected intersects both of the two
second straight lines to be detected with two intersection
points both within the image.

In step 211, if the third straight line to be detected that
meets the second predetermined condition exists, a quadri-
lateral composed of the straight line to be detected, the two
second straight lines to be detected and the third straight line
to be detected are added to a candidate rectangle set.

If a detection result is that the third straight line to be
detected that meets the second predetermined condition
exists, the quadrilateral composed of the straight line to be
detected, the electronic device adds a quadrilateral com-
posed of the straight line to be detected, the two second
straight lines to be detected and the third straight line to be
detected to the candidate rectangle set. The candidate rect-
angle set comprises all quadrilaterals that are likely to
become rectangles to be detected.

In step 212, for each quadrilateral in the candidate rect-
angle set, a matching distance of the quadrilateral is calcu-
lated.

For each quadrilateral in the candidate rectangle set, the
electronic device calculates the matching distance of the
rectangle. The matching distance of the quadrilateral is
configured to reflect a degree of proximity of the quadrilat-
eral to a rectangle to be detected, and the smaller the
matching distance of the rectangle is, the more, as indicated,
the rectangle approaches the rectangle to be detected, on the
contrast, the greater the matching distance of the rectangle
is, the more, as indicated, the rectangle offsets from the
rectangle to be detected.

The matching distance of the rectangle is equal to a sum
of matching distances of line segments corresponding to
four sides of the rectangle. The matching distance of the line
segment corresponding to any side of the rectangle may
refer to the method in the third sub-step in the above-
descried step 207, which will not be described repeatedly
herein.

In step 213, a rectangle having a minimum matching
distance or a matching distance smaller than a matching
threshold value is determined as the rectangle to be detected.

The electronic device determines the rectangle having the
minimum matching distance or the matching distance
smaller than the matching threshold value as the rectangle to
be detected.

In conclusion, the method for detecting the straight line
provided by the present embodiment includes acquiring the
HOG feature set of each respective pixel point in the image,
determining the at least one candidate direction of the
straight line to be detected according to the HOG feature sets
of the respective pixel points, and then determining the
direction and precise position of the straight line to be
detected according to the candidate direction, wherein the
HOG feature set is configured to reflect the straight line
characteristics of the localized portion where the pixel point
locates. The problem in the related art that the method for
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detecting the straight line may cause the straight line to be
broken and the detection result to be inaccurate when the
edge strength is weak or when there are noise interferences
is solved. Compared with the related method for detecting a
straight line in the Background, the method for detecting the
straight line provided by the present embodiment neither
uses Hough Transform nor binarizes the image, thus avoids
the errors caused by binarization, and increases the accuracy
of the detection of straight line.

In addition, the present embodiment further provides a
method for detecting a rectangle on the basis of the detection
of the straight line. After all quadrilaterals that are likely to
become the rectangles to be detected are constructed, by
calculating the matching distances of the respective quad-
rilaterals respectively, and determining the quadrilateral
having the minimum matching distance or the matching
distance smaller than the matching threshold value as the
rectangle to be detected, the detection of a rectangle shape
such as a card, a receipt or a book in the image is realized,
and the actual application range of the method for detecting
the straight line and the method for detecting the rectangle
provided by the present disclosure is broadened.

The following are apparatus embodiments of the present
disclosure, which may be configured to execute the method
embodiments of the present disclosure. For the details not
disclosed in the apparatus embodiments of the present
disclosure, please refer to the method embodiments of the
present disclosure.

FIG. 3 is a diagram illustrating an apparatus for detecting
a straight line, according to an exemplary embodiment. The
apparatus for detecting the straight line may be implemented
to be all or a part of an electronic device by software,
hardware or a combination thereof. The apparatus for detect-
ing the straight line may include a feature acquiring module
310, a candidate determining module 320 and a precise
detection module 330.

The feature acquiring module 310 is configured to acquire
a Histogram of Oriented Gradients (HOG) feature set of
each respective pixel point in an image, wherein the HOG
feature set is configured to reflect straight line characteristics
of a localized portion where the pixel point locates.

The candidate determining module 320 is configured to
determine at least one candidate direction of a straight line
to be detected according to the HOG feature sets of the
respective pixel points.

The precise detection module 330 is configured to deter-
mine a direction and a position of the straight line to be
detected precisely according to the at least one candidate
direction.

In conclusion, the apparatus for detecting the straight line
provided by the present embodiment includes acquiring the
HOG feature set of each respective pixel point in the image,
determining the at least one candidate direction of the
straight line to be detected according to the HOG feature sets
of the respective pixel points, and then determining the
direction and precise position of the straight line to be
detected according to the candidate direction, wherein the
HOG feature set is configured to reflect the straight line
characteristics of the localized portion where the pixel point
locates. The problem in the related art that the method for
detecting the straight line may cause the straight line to be
broken and the detection result to be inaccurate when the
edge strength is weak or when there are noise interferences
is solved. Compared with the related method for detecting a
straight line in the Background, the method for detecting the
straight line provided by the present embodiment neither
uses Hough Transform nor binarizes the image, thus avoids
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the errors caused by binarization, and increases the accuracy
of the detection of straight line.

FIG. 4 is a diagram illustrating an apparatus for detecting
a straight line, according to another exemplary embodiment.
The apparatus for detecting the straight line may be imple-
mented to be all or a part of an electronic device by software,
hardware or a combination thereof. The apparatus for detect-
ing the straight line may include a feature acquiring module
310, a candidate determining module 320, a precise detec-
tion module 330, a first detecting module 332, a straight line
candidate module 334, a second detecting module 336, a
rectangle candidate module 338, a match calculating module
340 and a rectangle determining module 342.

The feature acquiring module 310 is configured to acquire
a HOG feature set of each respective pixel point in an image,
wherein the HOG feature set is configured to reflect straight
line characteristics of a localized portion where the pixel
point locates.

The feature acquiring module 310 includes a gradient
calculating unit 3104 and a feature calculating unit 3104.

The gradient calculating unit 310a is configured to, for
each pixel point (i, j) of the respective pixel points, calculate
an oriented gradient set g(i, j) of the pixel point, wherein the
oriented gradient set g(i, j) includes oriented gradient values
of the pixel point in K directions. The oriented gradient
value of the pixel point in any direction refers to an absolute
value of a difference between a gray value of the pixel point
and a gray value of an adjacent pixel point in the direction,
wherein K=2.

The feature calculating unit 3105 is configured to calcu-
late a HOG feature set h(i, j) of the pixel point according to
the oriented gradient set g(i, j) of the pixel point.

The feature calculating unit 3105 includes a local gradient
sub-unit 31051, an average gradient sub-unit 310562, an
average detecting sub-unit 310563, a feature setting sub-unit
31064, a feature calculating sub-unit 31065 and a feature
determining sub-unit 31056.

The local gradient sub-unit 31051 is configured to respec-
tively calculate local gradient values h(1j) of the pixel point
in the K directions, wherein a local gradient value hy(i;j) in
k direction is equal to a sum of the oriented gradient values
of all pixel points in the k direction within the localized
portion where the pixel point locates, and wherein k repre-
sents a direction.

The average gradient sub-unit 31052 is configured to
calculate an average gradient value h,,,,,, (i, j) of the pixel
point, wherein the average gradient value h,, (i, j) is equal
to the square root of the sum of the squares (SRSS) of the
respective local gradient values h(1,j) of the pixel point.

The average detecting sub-unit 310563 is configured to, for
each pixel point (i, j) of the respective pixel points, detect
whether the average gradient valueh, ,,, (i, ) is smaller than
a predetermined average value T,,,,,.

The feature setting sub-unit 31054 is configured to set the
respective HOG features in the HOG feature set h(i, j) of the
pixel point to zero, if a detection result is that the average
gradient value h, (i, j) is smaller than the predetermined
average value T, ..,

The feature calculating sub-unit 31065 is configured to
divide the local gradient value h,(1,j) by the average gradient
value b, (i, j) to obtain a HOG feature h,(i, j) of the pixel
point in the k direction.

The feature determining sub-unit 31056 is configured to
determine a set of HOG features in the K directions as the
HOG feature set h(i, j) of the pixel point.
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The candidate determining module 320 is configured to
determine at least one candidate direction of the straight line
to be detected according to the HOG feature sets of the
respective pixel points.

The candidate determining module 320 includes a direc-
tion selecting unit 320a, a vote statistic unit 3205 and a
candidate selecting unit 320c.

The direction selecting unit 320aq is configured to, for each
respective pixel point, select a direction corresponding to a
HOG feature having a maximum value in the HOG feature
set as a main direction of the localized portion where the
pixel point locates.

The vote statistic unit 3205 is configured to analyze
statistics of vote numbers of the main directions of the
localized portions where the respective pixel points locate in
the K directions.

The candidate selecting unit 320c is configured to select
a direction perpendicular to a direction having a vote num-
ber that exceeds a vote threshold as a candidate direction of
the straight line to be detected.

The precise detection module 330 is configured to deter-
mine the direction and the position of the straight line to be
detected according to the candidate direction.

The precise detection module 330 includes a scan gener-
ating unit 330a, a scan matching unit 3305, a scan selecting
unit 330¢ and a precise detection unit 3304.

The scan generating unit 330qa is configured to, for each
of the candidate directions, generate at least one scan line
parallel to the candidate direction.

The scan matching unit 3304 is configured to respectively
calculate a matching distance of each scan line, wherein the
matching distance of the scan line is configured to reflect a
degree of proximity of the scan line to the straight line to be
detected.

The scan matching unit 3305 includes a sample acquiring
sub-unit 33051, a sample matching sub-unit 33052 and a
sample summing sub-unit 330563.

The sample acquiring sub-unit 33051 is configured to, for
each of the scan lines, acquiring n sample points by sam-
pling on the scan line, wherein n=z1.

The sample matching sub-unit 33052 is configured to
calculate a matching distance between a HOG feature set for
each of the respective sample points and a template HOG
feature set in a direction perpendicular to the candidate
direction.

The sample summing sub-unit 33053 is configured to sum
matching distances of the n sample points to obtain the
matching distance of the scan line.

The scan selecting unit 330c¢ is configured to select the
scan line having a minimum matching distance as a candi-
date straight line.

The precise detection unit 330d is configured to determine
the direction and the position of the straight line to be
detected according to the candidate straight line.

The precise detection unit 3304 includes a rectangle
generating sub-unit 33041, a line segment generating sub-
unit 33042, a line segment matching sub-unit 33043 and a
line segment selecting sub-unit 33044.

The rectangle generating sub-unit 33041 is configured to
generate a rectangular region having a predetermined size by
using the candidate straight line as a central axis.

The line segment generating sub-unit 33042 is configured
to respectively select u points and v points on two sides of
the rectangular region perpendicular to the candidate straight
line, and connect every two points on the two sides to obtain
u*v line segments, wherein uz1, vz1.
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The line segment matching sub-unit 33043 is configured
to respectively calculate a matching distance of each line
segment among the u*v line segments, wherein the match-
ing distance of the line segment is configured to reflect a
degree of proximity of the line segment to the straight line
to be detected.

The line segment selecting sub-unit 33044 is configured
to select a straight line with a line segment having a
minimum matching distance as the straight line to be
detected.

The first detecting module 332 is configured to, for any
straight line to be detected, detect whether a second straight
line to be detected that meets a first predetermined condition
exists in the image, wherein the first predetermined condi-
tion includes that the second straight line to be detected and
the straight line to be detected have an intersection point
within the image and an angle smaller than an angle thresh-
old value.

The straight line candidate module 334 is configured to
add the second straight line to be detected to a candidate
straight line set, if the second straight line to be detected that
meets the first predetermined condition exists.

The second detecting module 336 is configured to, for any
two of the second straight lines to be detected in the
candidate straight line set, detect whether a third straight line
to be detected that meets a second predetermined condition
exists, wherein the second predetermined condition includes
that the third straight line to be detected is different from the
straight line to be detected, and the third straight line to be
detected intersects both of the two second straight lines to be
detected with two intersection points both within the image.

The rectangle candidate module 338 is configured to add
a quadrilateral composed of the straight line to be detected,
the two second straight lines to be detected and the third
straight line to be detected to a candidate rectangle set, if the
third straight line to be detected that meets the second
predetermined condition exists.

The match calculating module 340 is configured to, for
each quadrilateral in the candidate rectangle set, calculate a
matching distance of the rectangle, wherein the matching
distance of the quadrilateral is configured to reflect a degree
of proximity of the quadrilateral to a rectangle to be
detected, and the matching distance of the quadrilateral is
equal to a sum of matching distances of line segments
corresponding to four sides of the quadrilateral.

The rectangle determining module 342 is configured to
determine a quadrilateral having a minimum matching dis-
tance or a matching distance smaller than a matching
threshold value as the rectangle to be detected.

In conclusion, the apparatus for detecting the straight line
provided by the present embodiment includes acquiring the
HOG feature set of each respective pixel point in the image,
determining the at least one candidate direction of the
straight line to be detected according to the HOG feature sets
of the respective pixel points, and then determining the
direction and precise position of the straight line to be
detected according to the candidate direction, wherein the
HOG feature set is configured to reflect the straight line
characteristics of the localized portion where the pixel point
locates. The problem in the related art that the method for
detecting the straight line may cause the straight line to be
broken and the detection result to be inaccurate when the
edge strength is weak or when there are noise interferences
is solved. Moreover, the method for detecting the straight
line provided by the present embodiment neither uses Hough
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Transform nor binarizes the image, thus avoids the errors
caused by binarization, and increases the accuracy of the
detection of straight line.

In addition, the present embodiment further provides an
apparatus for detecting a rectangle on the basis of the
detection of the straight line. After all quadrilaterals that are
likely to become the rectangles to be detected are con-
structed, by calculating the matching distances of the respec-
tive quadrilaterals respectively, and determining the quad-
rilateral having the minimum matching distance or the
matching distance smaller than the matching threshold value
as the rectangle to be detected, the detection of a rectangle
shape such as a card, a receipt or a book in the image is
realized, and the actual application range of the device for
detecting the straight line and the device for detecting the
rectangle provided by the present disclosure is broadened.

It is to be explained that when the apparatus for detecting
the straight line provided in the above embodiments detects
the straight line in the image, the division of the modules
with functions as above is described only for illustration. In
actual applications, the above functions may be imple-
mented by different modules as needed. That is, the internal
structure of the apparatus is divided into different modules,
to realize all or a part of the above-described functions. In
addition, the apparatuses for detecting the straight line
provided by the above embodiments belong to the same
inventive concept as that of the embodiments for the meth-
ods for detecting the straight line, and the specific imple-
menting processes thereof may be found in the embodiments
of the methods, which are not described repeatedly.

FIG. 5 is a block diagram of an electronic device 500,
which is configured to detect a straight line, according to an
exemplary embodiment. For example, the electronic device
500 may be a mobile phone, a computer, a digital broadcast
terminal, a messaging device, a gaming console, a tablet, a
medical device, exercise equipment, a personal digital assis-
tant and the like.

Referring to FIG. 5, the electronic device 500 may include
one or more of the following components: a processing
component 502, a memory 504, a power component 506, a
multimedia component 508, an audio component 510, an
input/output (1/0) interface 512, a sensor component 514,
and a communication component 516.

The processing component 502 usually controls overall
operations of the electronic device 500, such as the opera-
tions associated with display, telephone calls, data commu-
nications, camera operations, and recording operations. The
processing component 502 may include one or more pro-
cessors 520 to execute instructions to perform all or part of
the steps in the above described methods. Moreover, the
processing component 502 may include one or more mod-
ules which facilitate the interaction between the processing
component 502 and other components. For instance, the
processing component 502 may include a multimedia mod-
ule to facilitate the interaction between the multimedia
component 508 and the processing component 502.

The memory 504 is configured to store various types of
data to support the operation of the electronic device 500.
Examples of such data include instructions for any applica-
tion or method operated on the electronic device 500,
contact data, phonebook data, messages, pictures, videos,
etc. The memory 504 may be implemented using any type of
volatile or non-volatile memory device or combination
thereof, such as a static random access memory (SRAM), an
electrically erasable programmable read-only memory (EE-
PROM), an erasable programmable read-only memory
(EPROM), a programmable read-only memory (PROM), a
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read-only memory (ROM), a magnetic memory, a flash
memory, a magnetic or optical disk.

The power component 506 provides power to various
components of the electronic device 500. The power com-
ponent 506 may include a power management system, one
or more power sources, and other components associated
with the generation, management, and distribution of power
in the electronic device 500.

The multimedia component 508 includes a screen pro-
viding an output interface between the electronic device 500
and the user. In some embodiments, the screen may include
a liquid crystal display (LCD) and a touch panel (TP). If the
screen includes the touch panel, the screen may be imple-
mented as a touch screen to receive input signals from the
user. The touch panel includes one or more touch sensors to
sense touches, slips, and gestures on the touch panel. The
touch sensors may not only sense a boundary of a touch or
slip action, but also sense a period of time and a pressure
associated with the touch or slip action. In some embodi-
ments, the multimedia component 508 includes a front
camera and/or a rear camera. The front camera and/or the
rear camera may receive an external multimedia datum
while the electronic device 500 is in an operation mode, such
as a photographing mode or a video mode. Each of the front
camera and the rear camera may be a fixed optical lens
system or have focus and optical zoom capability.

The audio component 510 is configured to output and/or
input audio signals. For example, the audio component 510
includes a microphone (“MIC”) configured to receive an
external audio signal when the electronic device 500 is in an
operation mode, such as a call mode, a recording mode, and
a voice recognition mode. The received audio signal may be
further stored in the memory 504 or transmitted via the
communication component 516. In some embodiments, the
audio component 510 further includes a speaker to output
audio signals.

The 1/0 interface 512 provides an interface between the
processing component 502 and peripheral interface mod-
ules, such as a keyboard, a click wheel, a button, and the
like. The button may include, but not limited to, a home
button, a volume button, a starting button, and a locking
button.

The sensor component 514 includes one or more sensors
to provide status assessments of various aspects of the
electronic device 500. For instance, the sensor component
514 may detect an open/closed status of the electronic
device 500, relative positioning of components, e.g., the
display and the keyboard, of the electronic device 500, a
change in position of the electronic device 500 or a com-
ponent of the electronic device 500, a presence or absence
of user contact with the electronic device 500, an orientation
or an acceleration/deceleration of the electronic device 500,
and a change in temperature of the electronic device 500.
The sensor component 514 may include a proximity sensor
configured to detect the presence of nearby objects without
any physical contact. The sensor component 514 may also
include a light sensor, such as a CMOS or CCD image
sensor, for use in imaging applications. In some embodi-
ments, the sensor component 514 may also include an
accelerometer sensor, a gyroscope sensor, a magnetic sensor,
a pressure sensor, or a temperature sensor.

The communication component 516 is configured to
facilitate communication, wired or wirelessly, between the
electronic device 500 and other devices. The electronic
device 500 can access a wireless network based on a
communication standard, such as WiFi, 2G, or 3G, or a
combination thereof. In one exemplary embodiment, the
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communication component 516 receives a broadcast signal
or broadcast associated information from an external broad-
cast management system via a broadcast channel. In one
exemplary embodiment, the communication component 516
further includes a near field communication (NFC) module
to facilitate short-range communications. For example, the
NFC module may be implemented based on a radio fre-
quency identification (RFID) technology, an infrared data
association (IrDA) technology, an ultra-wideband (UWB)
technology, a Bluetooth (BT) technology, and other tech-
nologies.

In exemplary embodiments, the electronic device 500
may be implemented with one or more application specific
integrated circuits (ASICs), digital signal processors
(DSPs), digital signal processing devices (DSPDs), pro-
grammable logic devices (PLDs), field programmable gate
arrays (FPGAs), controllers, micro-controllers, micropro-
cessors, or other electronic components, for performing the
above described methods.

In exemplary embodiments, there is also provided a
non-transitory computer readable storage medium including
instructions, such as included in the memory 504, executable
by the processor 820 in the electronic device 500, for
performing the above-described methods. For example, the
non-transitory computer-readable storage medium may be a
ROM, a random access memory (RAM), a CD-ROM, a
magnetic tape, a floppy disc, an optical data storage device,
and the like.

A non-transitory computer readable storage medium,
when instructions in the storage medium are executed by the
processor of the electronic device 500, the electronic device
500 can execute a method for detecting a straight line, the
method includes: acquiring a Histogram of Oriented Gradi-
ents (HOG) feature set of each respective pixel point in an
image, wherein the HOG feature set is configured to reflect
straight line characteristics of a localized portion where the
pixel point locates; determining at least one candidate direc-
tion of a straight line to be detected according to the HOG
feature sets of the respective pixel points; and determining
a direction and a position of the straight line precisely
according to the at least one candidate direction.

In conclusion, the electronic device for detecting the
straight line provided by the present embodiment includes
acquiring the HOG feature set of each respective pixel point
in the image, determining the at least one candidate direction
of the straight line to be detected according to the HOG
feature sets of the respective pixel points, and then deter-
mining the direction and precise position of the straight line
to be detected according to the candidate direction, wherein
the HOG feature set is configured to reflect the straight line
characteristics of the localized portion where the pixel point
locates. The problem in the related art that the method for
detecting the straight line may cause the straight line to be
broken and the detection result to be inaccurate when the
edge strength is weak or when there are noise interferences
is solved. Moreover, the method for detecting the straight
line provided by the present embodiment neither uses Hough
Transform nor binarizes the image, thus avoids the errors
caused by binarization, and increases the accuracy of the
detection of straight line.

In addition, the electronic device according to the present
disclosure may typically be various handheld terminal
devices, such as a mobile phone, a personal digital assistant
(PDA) and the like. Therefore, the scope of the present
disclosure is not limited to a particular type of electronic
device.
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Additionally, the method according to the present disclo-
sure may be implemented as the computer program executed
by CPU, and the computer program may be stored in the
computer-readable storage medium. When the computer
program is executed by the CPU, the above functions
defined in the methods of the present disclosure are per-
formed.

In addition, the above steps of the methods and the units
of'the system may also be implemented with a controller and
a computer-readable storage device which stores computer
programs that cause the controller to realize the above steps
and functions of the units.

In addition, it should be appreciated that the above
mentioned computer-readable storage device (such as stor-
age) may be a volatile memory or a nonvolatile memory, or
may include the both. For example, but without limitation,
the nonvolatile memory may include a read only memory
(ROM), a programmable ROM (PROM), an electrically
programmable ROM (EPROM), an electrically erasable
programmable ROM (EEPROM), or a flash memory. The
volatile memory may include a random access memory
(RAM) which may serve as an external cache RAM
memory. As an example, but without limitation, the RAM
may be of various forms, such as a synchronous RAM
(DRAM), a dynamic RAM (DRAM), a synchronous DRAM
(SDRAM), a double data rate SDRAM (DDR SDRAM), an
enhanced SDRAM (ESDRAM), a synchronous link DRAM
(SLDRAM) and a direct Rambus RAM (DRRAM). The
storage device according to the disclosed aspects is intended
to include but not limited to these and other suitable types of
memories.

It should be appreciated by those skilled in the art that,
various exemplary logical blocks, modules, circuits, and
algorithm steps described in conjunction with the present
disclosure may be implemented as electronic hardware,
computer software or combination of both. In order to
clearly illustrate the interchangeability between the hard-
ware and the software, a general description has been given
to various illustrative components, blocks, modules, circuits
and functions of steps. Whether such functions will be
implemented as software or hardware depends on the par-
ticular application and the restriction from the design of the
whole system. Those functions may be realized in various
means for each of the particular application by those skilled
in the art without departing the scope of the present disclo-
sure.

Various illustrative logical blocks, modules and circuits
described in conjunction with the present disclosure may be
implemented or performed by the following components
that are designed to perform the above functions: a general
purpose processor, a digital signal processor (DSP), a dedi-
cated integrated circuit (ASIC), a field programmable gate
array (FPGA) or other programmable logic devices, discrete
gates or transistor logics, discrete hardware components or
any combination of these components. The general purpose
processor may be a microprocessor. Alternatively, the pro-
cessor may be any one of a conventional processor, a
controller, a microcontroller, or a state machine. The pro-
cessor may be implemented as combination of computing
devices, such as combination of a DSP and a microproces-
sor, a plurality of microprocessors, one or more micropro-
cessors in conjunction with a DSP core, or any other such
configuration.

The method and steps of the algorithm described in
conjunction with the present disclosure may be directly
contained in hardware, in a software module executed by a
processor or in combination of the both. The software
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module may reside in a RAM memory, a flash memory, a
ROM memory, an EPROM memory, an EEPROM memory,
a registers, a hard disk, a removable disk, a CD-ROM, or any
other storage medium known in the art. An exemplary
storage medium is coupled to the processor such that the
processor can read information from the storage medium or
write information thereto. In an alternative embodiment, the
storage medium may be integrated with the processor. The
processor and the storage medium may reside in an ASIC
which may reside in a user terminal. In an alternative
embodiment, the processor and the storage medium may
reside in a user terminal as discrete components.

In one or more exemplary designs, the above functions
may be implemented in hardware, software, firmware, or
any combination thereof. If implemented in software, the
above functions may be stored in a computer readable
medium as one or more instructions or codes, or transmitted
through the computer readable medium. The computer read-
able medium includes computer storage medium and com-
munication medium. The communication media includes
any medium that may be used to transmit computer pro-
grams from one location to another location. The storage
medium may be any available medium that is accessible by
a general or special computer. For example, but without
limitation, the computer readable medium may include a
RAM, a ROM, an EEPROM, a CD-ROM or other CD
storage devices, disk storage device or other magnetic
storage devices, or any other medium that may be used to
carry or store the required program codes in a form of
instructions or data structure and may be accessible by a
general or special computer or a general or special processor.
In addition, any connection may be appropriately called as
a computer-readable medium. For example, if a coaxial
cable, a fiber optic cable, a twisted pair, a digital subscriber
line (DSL) or wireless technologies such as infrared rays,
radio and microwave are used to transmit software from a
website, a server or other remote source, the above coaxial
cable, the fiber optic cable, the twisted pair, the DSL or
wireless technologies such as infrared rays, radio and micro-
wave are all within the definition of the medium. As used
herein, the disk and the optical disk includes a compression
disk (CD), a laser disc, an optical disk, a digital versatile disc
(DVD), a floppy disks, a blue-ray disk, among which the
magnetic disk normally represents data magnetically, and
the optical disk represents data optically by utilizing a laser.
The combination of the above contents should also be
included in the scope of the computer readable medium.

Although the exemplary embodiments of the present
disclosure has been illustrated in the above contents, it
should be noted that, various variations and modifications
may be made without departing from the scope of the
present disclosure that is defined by the claims. The func-
tions, steps and/or operations of the method claims accord-
ing to the described embodiments of the present disclosure,
may not necessarily be performed in a particular order. In
addition, although elements of the present disclosure may be
described or prescribed in a single form, multiple forms may
also be devised, unless the single form is explicitly pre-
scribed.

The numbers of the above embodiments of the present
disclosure are only for description, but not represent the
advantages and disadvantages of the embodiments.

Those skilled in the art may understand, the whole or part
of the steps in the above embodiments may be achieved by
hardware, or may be achieved by the relevant hardware
which are instructed by using programs. The program may
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be stored in a computer readable storage medium, and the
storage medium may be a read only storage, a magnetic disk
or an optical disk, etc.

The above contents are only the embodiments of the
present disclosure, which are not used to limit the present
disclosure. Any changes, equal substitution and modifica-
tions, etc. within the concept and principle of the present
disclosure should be included in the protection scope of the
present disclosure.

What is claimed is:

1. A method for detecting a straight line, comprising:

acquiring a Histogram of Oriented Gradients (HOG)

feature set for each respective pixel point in an image,
wherein the HOG feature set is configured to reflect
straight line characteristics of a localized portion where
the pixel point locates;

determining at least one candidate direction of a straight

line to be detected according to the HOG feature sets of
the respective pixel points;
generating at least one scan line paralleled to the candi-
date direction for each of the candidate directions;

calculating a matching distance of each scan line respec-
tively, wherein the matching distance of the scan line is
configured to reflect a degree of proximity of the scan
line to the straight line to be detected;

selecting the scan line having a minimum matching

distance as a candidate straight line; and

detecting the direction and the position of the straight line

to be detected according to the candidate straight line.
2. The method according to claim 1, wherein acquiring the
HOG feature set for each respective pixel point comprises:
calculating an oriented gradient set g(i, j) of the pixel
point, for each respective pixel point (i, j), wherein the
oriented gradient set g(i, j) includes oriented gradient
values of the pixel point in K directions, and an
oriented gradient value of the pixel point in any direc-
tion refers to an absolute value of a difference between
a gray value of the pixel point and a gray value of an
adjacent pixel point in the direction, wherein K=2; and

calculating a HOG feature set h(i, j) of the pixel point
according to the oriented gradient set g(i, j) of the pixel
point.

3. The method according to claim 2, wherein calculating
the HOG feature set h(i, j) of the pixel point according to the
oriented gradient set g(i, j) of the pixel point comprises:

calculating local gradient values h,(1,j) of the pixel point

in the K directions respectively, wherein a local gradi-
ent value I(1,j) in a k direction is equal to a sum of the
oriented gradient values of all pixel points within the
localized portion where the pixel point locates in the k
direction;

calculating an average gradient value h, @, j) of the

pixel point, wherein the average gradient value h, (i,

j) is equal to the square root of the sum of the squares

(SRSS) of the respective local gradient values h;(1,j) of

the pixel point;
dividing the local gradient value h,(ij) by the average

gradient value h,,..,(i, j) to obtain a HOG feature h,(i,

j) of the pixel point in the k direction; and
determining a set of HOG features in the K directions as
the HOG feature set h(i, j) of the pixel point.

4. The method according to claim 3, wherein the method
further comprises:

detecting whether the average gradient value h,,,(i, j) is

smaller than a predetermined average value T,,,,, for
each respective pixel point (i, j); and
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setting the respective HOG features in the HOG feature
set h(i, j) of the pixel point to zero, if the average
gradient value h,,_,,, (i, j) is detected to be smaller than
the predetermined average value T,,,,,,.

5. The method according to claim 2, wherein determining
the at least one candidate direction of the straight line to be
detected according to the HOG feature sets of the respective
pixel points comprises:

selecting a direction corresponding to a HOG feature

having a maximum value in the HOG feature set as a
main direction of the localized portion where the pixel
point locates;

analyzing statistics of vote numbers of the main directions

of the localized portions where the respective pixel
points locate in the K directions; and

selecting a direction perpendicular to a direction having a

vote number that exceeds a vote threshold as a candi-
date direction of the straight line to be detected.

6. The method according to claim 1, wherein calculating
the matching distance of each scan line respectively com-
prises:

acquiring n sample points by sampling on the scan line for

each of the scan lines, wherein n=z1;

calculating a matching distance between a HOG feature

set for each of the respective sample points and a
template HOG feature set in a direction perpendicular
to the candidate direction; and

summing matching distances of the n sample points to

obtain the matching distance of the scan line.

7. The method according to claim 1, wherein detecting the
direction and the position of the straight line according to the
candidate straight line comprises:

generating a rectangular region having a predetermined

size by using the candidate straight line as a central
axis;

selecting u points and v points respectively on two sides

of the rectangular region perpendicular to the candidate
straight line, and connecting every two points on the
two sides to obtain u*v line segments, wherein uz1,
vzl;

calculating a matching distance of each line segment

respectively among the u*v line segments, wherein the
matching distance of the line segment is configured to
reflect a degree of proximity of the line segment to the
straight line to be detected; and

selecting a straight line with a line segment having a

minimum matching distance as the straight line to be
detected.
8. The method according to claim 1, wherein the method
further comprises:
detecting whether a second straight line to be detected that
meets a first predetermined condition exists for any
straight line to be detected in the image, wherein the
first predetermined condition includes that the second
straight line to be detected and the straight line to be
detected have an intersecting point within the image
and an angle smaller than an angle threshold value;

adding the second straight line to be detected to a candi-
date straight line set if the second straight line to be
detected that meets the first predetermined condition
exists;

detecting whether a third straight line to be detected that

meets a second predetermined condition exists for any
two of the second straight lines to be detected in the
candidate straight line set, wherein the second prede-
termined condition includes that the third straight line
to be detected is different from the straight line to be
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detected, and the third straight line to be detected
intersects both of the two second straight lines to be
detected with two intersection points both within the
image;
adding a quadrilateral composed of the straight line to be
detected, the two second straight lines to be detected
and the third straight line to be detected to a candidate
rectangle set, if the third straight line to be detected that
meets the second predetermined condition exists;

calculating a matching distance of the quadrilateral for
each quadrilateral in the candidate rectangle set,
wherein the matching distance of the quadrilateral is
configured to reflect a degree of proximity of the
quadrilateral to a rectangle to be detected, and the
matching distance of the quadrilateral is equal to a sum
of matching distances of line segments corresponding
to four sides of the quadrilateral; and

determining a quadrilateral having a minimum matching

distance or a matching distance smaller than a matching
threshold value as the rectangle to be detected.

9. A device for detecting a straight line, comprising:

a processor; and

a memory for storing instructions executable by the

processor, for performing:

acquiring a Histogram of Oriented Gradients (HOG)

feature set for each respective pixel point in an image,
wherein the HOG feature set is configured to reflect
straight line characteristics of a localized portion where
the pixel point locates;

determining at least one candidate direction of a straight

line to be detected according to the HOG feature sets of
the respective pixel points;
generating at least one scan line paralleled to the candi-
date direction for each of the candidate directions;

calculating a matching distance of each scan line respec-
tively, wherein the matching distance of the scan line is
configured to reflect a degree of proximity of the scan
line to the straight line to be detected;

selecting the scan line having a minimum matching

distance as a candidate straight line; and

detecting the direction and the position of the straight line

to be detected according to the candidate straight line.
10. The device according to claim 9, wherein acquiring
the HOG feature set for each respective pixel points com-
prises:
calculating an oriented gradient set g(i, j) of the pixel
point, for each respective pixel point (i, j), wherein the
oriented gradient set g(i, j) includes oriented gradient
values of the pixel point in K directions, and an
oriented gradient value of the pixel point in any direc-
tion refers to an absolute value of a difference between
a gray value of the pixel point and a gray value of an
adjacent pixel point in the direction, wherein K=2; and

calculating a HOG feature set h(i, j) of the pixel point
according to the oriented gradient set g(i, j) of the pixel
point.

11. The device according to claim 10, wherein calculating
the HOG feature set h(i, j) of the pixel point according to the
oriented gradient set g(i, j) of the pixel point comprises:

calculating local gradient values h,(i.,j) of the pixel point

in the K directions respectively, wherein a local gradi-
ent value I(1,j) in a k direction is equal to a sum of the
oriented gradient values of all pixel points within the
localized portion where the pixel point locates in the k
direction;

calculating an average gradient value h, @, j) of the

pixel point, wherein the average gradient value h,,,,,,(i,
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j) is equal to the square root of the sum of the squares
(SRSS) of a sum of squares of the respective local
gradient values Iy (ij) of the pixel point;

dividing the local gradient value T (i]) by the average
gradient value h,,..,(i, j) to obtain a HOG feature h,(i,
j) of the pixel point in the k direction; and

determining a set of HOG features in the K directions as
the HOG feature set h(i, j) of the pixel point.

12. The device according to claim 11, wherein the pro-

cessor is further configured to performing:

detecting whether the average gradient value h,,_,.,,(i, j) is
smaller than a predetermined average value T,,,,, for
each respective pixel point (i, j); and

setting the respective HOG features in the HOG feature
set h(i, j) of the pixel point to zero, if the average
gradient value b, . (i, j) is detected to be smaller than
the predetermined average value T,,,,,,.

13. The device according to claim 10, wherein determin-
ing the at least one candidate direction of the straight line to
be detected according to the HOG feature sets of the
respective pixel points comprises:

selecting a direction corresponding to a HOG feature
having a maximum value in the HOG feature set as a
main direction of the localized portion where the pixel
point locates;

Analyzing statistics of vote numbers of the main direc-
tions of the localized portions where the respective
pixel points locate in the K directions; and

selecting a direction perpendicular to a direction having a
vote number that exceeds a vote threshold as a candi-
date direction of the straight line to be detected.

14. The device according to claim 9, wherein calculating
the matching distance of each scan line respectively com-
prises:

acquiring n sample points by sampling on the scan line for
each of the scan lines, wherein n=z1;

calculating a matching distance between a HOG feature
set for each of the respective sample points and a
template HOG feature set in a direction perpendicular
to the candidate direction; and

summing matching distances of the n sample points to
obtain the matching distance of the scan line.

15. The device according to claim 9, wherein detecting the
direction and the position of the straight line according to the
candidate straight line comprises:

generating a rectangular region having a predetermined
size by using the candidate straight line as a central
axis;

selecting u points and v points respectively on two sides
of the rectangular region perpendicular to the candidate
straight line, and connecting every two points on the
two sides to obtain u*v line segments, wherein uz1,
vzl;

calculating a matching distance of each line segment
respectively among the u*v line segments, wherein the
matching distance of the line segment is configured to
reflect a degree of proximity of the line segment to the
straight line to be detected; and

selecting a straight line with a line segment having a
minimum matching distance as the straight line to be
detected.

16. The device according to claim 9, wherein the proces-

sor is further configured to perform:

detecting whether a second straight line to be detected that
meets a first predetermined condition exists for any
straight line to be detected in the image, wherein the
first predetermined condition includes that the second
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straight line to be detected and the straight line to be
detected have an intersecting point within the image
and an angle smaller than an angle threshold value;

adding the second straight line to be detected to a candi-
date straight line set if the second straight line to be
detected that meets the first predetermined condition
exists;

detecting whether a third straight line to be detected that
meets a second predetermined condition exists for any
two of the second straight lines to be detected in the
candidate straight line set, wherein the second prede-
termined condition includes that the third straight line
to be detected is different from the straight line to be
detected, and the third straight line to be detected
intersects both of the two second straight lines to be
detected with two intersection points both within the
image;

adding a quadrilateral composed of the straight line to be
detected, the two second straight lines to be detected
and the third straight line to be detected to a candidate
rectangle set, if the third straight line to be detected that
meets the second predetermined condition exists;

calculating a matching distance of the quadrilateral for
each quadrilateral in the candidate rectangle set,
wherein the matching distance of the quadrilateral is
configured to reflect a degree of proximity of the
quadrilateral to a rectangle to be detected, and the
matching distance of the quadrilateral is equal to a sum
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of matching distances of line segments corresponding
to four sides of the quadrilateral; and

determining a quadrilateral having a minimum matching
distance or a matching distance smaller than a matching
threshold value as the rectangle to be detected.

17. A non-transitory readable storage medium comprising

instructions, executable by a processor in a device, for
performing a method for detecting a straight line, wherein
the method comprises:

acquiring a Histogram of Oriented Gradients (HOG)
feature set for each respective pixel point in an image,
wherein the HOG feature set is configured to reflect
straight line characteristics of a localized portion where
the pixel point locates;

determining at least one candidate direction of a straight
line to be detected according to the HOG feature sets of
the respective pixel points;

generating at least one scan line paralleled to the candi-
date direction for each of the candidate directions;

calculating a matching distance of each scan line respec-
tively, wherein the matching distance of the scan line is
configured to reflect a degree of proximity of the scan
line to the straight line to be detected;

selecting the scan line having a minimum matching
distance as a candidate straight line; and

detecting the direction and the position of the straight line
to be detected according to the candidate straight line.
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